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EEG neurofeedback and isolation stressor. A systematic review
Abstract
Introduction. One of the factors increasing the body's response to a stressful situation is isolation. The
feeling of loneliness in isolation can be caused by biological, psychological or medical factors. Material
and methods: This paper is a review of publications issued in 2009–2021, the most up-to-date in terms of
information on the topic of stress and its links with EEG neurofeedback. Results: 5 publications on stress
caused by isolation and the reaction of the human body in a stressful situation were selected. The papers
were selected based on the use of EEG neurofeedback in reducing the body's stress reactions to isolation.
Conclusions: There is a lack of studies in the available literature describing the direct application of EEG
neurofeedback in the reduction of stress caused by isolation despite demonstrating its potential in
individual studies.
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Stress and stressful situations have always accompanied people in their lives. It is
also known that the ability to deal with it is very important, i.e. lowering the level of its
impact on our body. Stress reactions in human body may occur on a neurophysiological,
psychomotor, psychological and molecular basis. Stress is a process by which environmental factors threaten the body's balance physiologically and mentally and affect the
health of an individual under its influence [1]. Isolation is one of the factors causing the
body's increased response to a stressful situation. There is evidence that the feeling of
loneliness in isolation may be caused by biological, psychological or medical factors, including the so-called stress hormones or components of the immune system, or may be
correlated with them [2]. The proper functioning of a human being depends not only on
the physical needs of the species, such as eating and breathing, but also on the psychological needs. As humans, we have a need for acceptance, security, and emotional contact
with other people. Disturbance of the possibility of contact with other people, i.e. isolation,
can lead to a serious dysfunction not only psychologically but also physically. Certainly,
persons left to themselves, despite a possibility of survival, are in a situation that will
cause them stress due to the lack of contact with another person [3].
Nowadays, the current technological level allows studying and working on the level
of the body's response to stress and effectively developing a strategy to combat it using
various tests and techniques, mainly using computer techniques. One of these tests is, for
example, the reaction test or the test of determination from the Vienna Test System [4].
The most common classic ways of coping with stress may be strategies leading to belonging to a given group or dedicating oneself to work [5]. A common strategy for coping with
long-term stress, e.g. at work, is to run away or avoid work ]. It is also known that social
isolation negatively affects lipid levels and the cardiovascular system. One of the methods
of classical medicine is EEG (neurofeedback) biofeedback, which enables self-control of
the brain's work based on the modification of brain waves. It is a non-invasive and safe
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method for the user [7]. Berger H stated that the EEG test and the following changes in
the activity of nerve cells during the test are influenced by external factors affecting individual senses. The basis for neurofeedback is the knowledge of the brain's capabilities and
the work of the nervous system, which is why it is often used also during psychiatric rehabilitation, e.g. in the fight against depression, neurosis or Alzheimer's disease [8. The
main purpose of the review is to understand the current uses of EEG and its possible use
in reducing the negative effects of stress on the body.
2. Materials and Methods
2.1. Database search
The article search strategy was based on the following keywords: stress, EEG neurofeedback, isolation, physical health, and the specific time in which publications containing information on the given topic were issued. The papers were published in the years
2009–2021, so they present the most up-to-date information on the topic of stress and its
connections with EEG neurofeedback. The articles contain the following keywords: stress,
isolation, biofeedback, EEG. The search of the literature resources was completed on
01/03/2021 and included publications issued up to that date. The searched databases were
PubMed, ResearchGate, and Google Scholar.
2.2. Data analysis
Considering the fact that there is not a large number of studies directly regarding the
relationship between neurofeedback and its ability to reduce the body's response to the
stressor – isolation, the focus was on its possible applications in various areas having direct or indirect relationships with stress of various grounds, such as, for example, stress
caused by social isolation and its impact on the cardiovascular system [2], stress caused
by a sense of loneliness (as a product of isolation) [9], neurofeedback as a method of reducing the level of post-traumatic stress [10], and the possibility of perceptual and cognitive training for using EEG biofeedback [11], as well as stress in isolation simulation during a manned flight to Mars [12]. An article on the possibility of using EEG during anxiety,
i.e. at a time of increased stress level, was also used [13]. In addition, article describing
possible applications of EEG in working with people who have high levels of stress caused
by the same centers in the brain which are highly active during the feeling of loneliness
and alexithymia was included [14].
3. Results
Seven sources in the form of scientific publications were collected from three databases: ResearchGate, PubMed, GoogleScholar and scientific reports, annals for behavioral
medicine, public health with the use of key terms: stress, EEG neurofeedback, isolation,
physical health. Seven were selected, of which one is a review of articles on the direct
impact of the isolation stressor on the level of stress response, one is a cross-sectional study
on the reaction of the cardiovascular system and cortisol levels during an acute stressful
situation, and three concern the possibility of working with EEG as a stress measurement
method. Two studies used the EEG neurofeedback method. All papers were selected
based on the purpose of the review in the field of determining the possibility of using EEG
neurofeedback in reducing the body's stress reactions to isolation (Table 1).
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Study
(numbering from the
References list)

Database

Study design

Main variables

Measurement methods

Key information helpful
in meeting the purpose
of this review

Table 1. Papers considering stress vs isolation used in this review.

4

PubMed

review

stress, isolation,
cardiovascular
system

Medical and psychological databases review: PubMed, PsychINFO
and Cochrane
during the period
1975–2018 with
keywords

The influence of
stress on the
functioning of the
organism is
described in a
large research
group

5

PubMed

cross-sectional
study

stress, social isolation, cardiovascular system, cortisol

blood pressure
level, salivary cortisol level, relatives
questionnaire,
cholesterol level

The influence of
isolation stress

6

Research
Gate

two case studies

neurofeedback,
PTSD, EEG as a
measurement before and after neurofeedback training

EEG

Possibility of using
neurofeedback at
work in the mental
sphere

7

Research
Gate

cross-sectional
study

3D-MOD task,
EEG as a measurement during
attention training
and working
memory and the
speed of visual information processing

EEG

Possibility of influencing the level of
selected parameters (working
memory and the
speed of visual information processing) using
neurofeedback

8

Research
Gate

cross-sectional
study

EEG during sleep,
cortisol in urine,
subjective feeling
of stress

EEG and urine cortisol levels

Confrontation of
the subjective feeling of stress with
the result of the
stress level
assessment using
EEG

12

PubMed

review

Biofeedback,
anxiety disorders,
EEG

Medical and psychological databases review:
Medline and
PsycINFO

Description of EEG
activity during the
operation of
a stressor

14

Google
Scholar

experiment

Biofeedback,
stress

Brain activation –
tasks during fMRI
sessions

Influence of neurofeedback
sessions in coping
with stressful
situations
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3.1. Influence of isolation on the stress level
In this review, we see that social isolation significantly contributes to increasing the
level of stress reactions in the respondents' bodies and that it can affect the work of the
subjects’ cardiovascular and endocrine systems [4]. Social isolation is associated with a
slower recovery of normal blood pressure and increased levels of cortisol during the day
in both men and women after performing a specific task. Additionally, in men, as a result
of isolation stress, cholesterol levels are also raised [5]. This causes an increased risk of
both cardiovascular diseases and problems with metabolic changes. Even with normal
fluctuations in cortisol levels, stressful conditions alter the structure of sleep, which can
lead to insomnia [8]. However, with the help of EEG, we are able to observe that diminished alpha activity indicates elevated levels of stress [12].
3.2. EEG neurofeedback as a way to reduce stress levels
Psychological questionnaires are used most often for subjective feeling of stress, most
often in large research groups, e.g. conducted among respondents or their relatives [5]. In
smaller groups, the EEG test will be a much more accurate and objective method to determine the stress level [6]. Using EEG, we can perform neurofeedback, i.e. brain training, in
the study group. It allows people to improve parameters such as working memory or the
speed of visual information processing [7]. This method is successfully used to combat
post-traumatic stress disorder. After neurofeedback training, subjects with PTSD showed
a much lower level of stress and activity related to excessive arousal in everyday life [6].
Thus, brain training allows people to relatively control and stabilize their stress level in
situations where, for example, their correct assessment of the situation or the speed of
reaction is necessary [7]. It will also bring benefits to people who, as actively engaged in
physical activity, are exposed to higher levels of stress and when it is important to stabilize
it quickly. The EEG neurofeedback can be used to increase the level of alpha waves. Raising it can induce relaxation in people who have high levels of anxiety[12], which can lead
to high levels of stress, including during isolation [14].
4. Discussion
This review examines how isolation stress can affect the functioning of the body by,
for example, disrupting the cardiovascular system, and how the level of this stress can be
measured [4]. Based on the information from seven selected publications, we can see that
the methods used to measure the level of stress include questionnaires regarding the subjective assessment of its level [5] or studies on the level of cortisol in urine and the EEG
test [8]. Research shows that in the case of a smaller number of participants, the EEG
method, as a non-invasive and safe method, is a more accurate method of measuring
stress. With the help of the same electrode, EEG neurofeedback can be performed, which
can help optimize the brain's work when it is influenced by a stressor, e.g. isolation [6].
Research using this method shows its high efficiency in terms of the possibility of developing working memory abilities and the speed of processing visual information [7]. Currently, for the purposes of the review, a large number of studies on the possibility of working with EEG neurofeedback during elevated isolation stress were not found in the databases, even though EEG was used to measure its level during a 105-day isolation test [8].
The only publication showing the possibilities offered by brain training presents the case
of refugees, where isolation was not the only stressor, and yet EEG neurofeedback showed
a significant normalization of markers after training [6]. Also thanks to EEG biofeedback,
one can influence the level of alpha waves and thus help a person achieve the optimal
level for the functioning and maintenance of the neurophysiological and psychomotor
base [12].
Unfortunately, a large number of reports on working with EEG neurofeedback belong to research centers that do not have an open library of their data, so it becomes diffi-
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cult to find a significant number of scientific reports that could be analyzed. More accessible and much more popular are works that use biofeedback as a method that enables the
activation or control of selected biological signals (sEMG), e.g. during contraction of individual muscle groups [15].
5. Conclusions
The articles in this review mainly described the effects of isolation-induced stress on
the functioning of the human body. Only in a study of PTSD sufferers EEG neurofeedback
was used as a stress reduction method. This method turned out to be very effective. Also
in the article describing the possibilities of working with neurofeedback, this method was
described as training in the fight against increased levels of stress. There is a lack of studies
in the literature describing the direct application of EEG neurofeedback in the reduction
of stress caused by isolation.
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